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The chromosomal passenger complex—composed of Aurora B kinase and its regulatory 
subunits INCENP, Survivin, and Borealin—modulates multiple events during mitosis. In 
this issue, Jeyaprakash et al. (2007) report the crystal structure of the regulatory subunit 
complex and reveal how interactions between these proteins promote the targeting and 
function of the chromosomal passenger complex during mitosis.Chromosomal passenger proteins were 
originally defined by their pattern of 
localization during mitosis. INCENP—
the archetypal chromosomal pas-
senger protein—localizes to the inner 
centromere during prometaphase and 
metaphase, the central spindle and cell 
cortex at the site of presumptive cleav-
age furrow formation during anaphase, 
and the midbody during cytokinesis 
(Cooke et al., 1987). This localization 
pattern suggested that INCENP was 
important in mitosis, yet its function 
remained elusive. Eventually, Adams 
et al. (2000) found in Xenopus egg 
extracts a pool of soluble INCENP 
in complex with the Aurora B protein 
kinase. Shortly thereafter, it emerged 
that these two proteins are also asso-
ciated with two smaller proteins—
Survivin and Borealin/Dasra—to form 
the chromosomal passenger complex 
or CPC (Figure 1) (Bolton et al., 2002; 
Gassmann et al., 2004; Honda et al., 
2003; Ruchaud et al., 2007).
Technological and conceptual 
advances—including the discovery of 
INCENP (Sli15) in budding yeast and its 
interactions with Ipl1 (Aurora) kinase as 
well as advances in RNAi technology—
revealed that the CPC acts on a chang-
ing coterie of substrates throughout 
mitosis. The CPC phosphorylates his-
tone H3 in prophase, corrects spindle 
attachment errors during prometa-
phase and metaphase, participates in 
the organization of the central spindle, 
and is absolutely required for the com-
pletion of cytokinesis (Ruchaud et al., 
2007). Thus, the CPC has both chromo-230 Cell 131, October 19, 2007 ©2007 Esomal and cytoskeletal functions during 
mitosis. This multifaceted regulation of 
mitosis is absolutely dependent upon 
the remarkable movements of CPC 
members during the different stages of 
mitosis. In this issue, Jeyaprakash et al. 
(2007) address the intriguing question 
of how the CPC components interact 
with one another to bring about their 
dynamic localization during mitosis.lsevier Inc.Although other factors such as the 
phosphatase Cdc14 and the kinesin 
MKLP2 can influence CPC movements, 
the critical observation upon which Jey-
aprakash et al. (2007) have built their 
story was the finding that CPC localiza-
tion depends on three passenger pro-
teins. If INCENP, Survivin, or Borealin 
is perturbed, the others fail to localize 
properly and Aurora B kinase cannot Figure 1. The Chromosome Passenger Complex
Structure of a triple-helical complex of full-length Survivin with fragments of INCENP and Bo-
realin/Dasra (from Jeyaprakash et al., 2007). Survivin is a monomer in this complex because its 
dimerization interface (which may be critical for antiapoptotic functions) is occupied by Borealin. 
Two small patches of charged amino acids on INCENP and Borealin, respectively, are essential 
for targeting of the complex to the central spindle during anaphase. The C terminus of Borealin 
(missing in the complex that was crystallized) is required for targeting of the CPC to centromeres. 
(Inset) Fluorescence micrograph shows the colocalization of Survivin, INCENP, and Aurora B at 
the spindle midzone of a human cultured cell in anaphase. Thanks to Manuel Valdivia (Cadiz) for 
human anti-INCENP. Image courtesy of S. Ruchaud.
function. The authors began by defin-
ing the minimal domains of INCENP, 
Survivin, and Borealin that could 
form a ternary complex. In the end, a 
combination of elegant cell biological 
and biochemical analyses revealed 
that a 1:1:1 complex could be formed 
between full-length Survivin, residues 
10–109 of Borealin (Borealin10–109), and 
residues 1–57 of INCENP (INCENP1–57). 
This complex was crystallized and ulti-
mately solved at a resolution of 1.4 Å. 
This analysis revealed that the associa-
tion between the minimal domains of 
these three CPC components occurs 
via a three α helix bundle, one helix 
from each protein (Figure 1).
Along the way, the authors addressed 
the question of the normal aggregation 
state of Survivin, which was thought to 
form a “bow-tie” dimer based on pre-
vious crystal structures. In the ternary 
complex of INCENP, Borealin, and Sur-
vivin it is very clear that Survivin is pres-
ent as a monomer. The crystal structure 
explains this because in the crystallized 
complex the carboxyl terminus of the 
Borealin peptide is wrapped around 
the linker that joins the Survivin BIR 
domain and C-terminal α helix. This is 
exactly the interface between the two 
monomers in the Survivin dimer.
This result poses an unanswered 
conundrum: the authors clearly show 
that Borealin and Survivin can form 
a stable homodimeric subcomplex 
with two molecules of Borealin and 
two of Survivin. Is this a “classical” 
Survivin:Survivin dimer, with Borealin 
somehow binding but not interfering 
with Survivin dimerization? Or is it some-
thing else? And is a Survivin:Borealin 
dimer biologically relevant, given the 
differing localizations of these proteins 
in interphase cells?
The structure of the CPC core com-
plex provides a possible explanation for 
some of the controversy surrounding 
Survivin function (Altieri, 2006; Lens et 
al., 2006). During interphase, Survivin is 
in the cytoplasm, whereas INCENP and 
Borealin are nuclear. A number of stud-
ies have reported that this cytoplasmic 
localization is essential for the anti-
apoptotic functions of Survivin. In the 
cytoplasm, Survivin would presumably 
be present as a homodimer. The Jey-
aprakash et al. (2007) study suggests the testable hypothesis that homodi-
meric Survivin in the cytoplasm might 
function in the regulation of apoptosis, 
whereas Survivin in the heterotrimeric 
complex might function specifically 
during mitosis (Figure 1).
Access to a high-resolution crystal 
structure enabled the authors to use 
elegant site-directed mutagenesis 
and RNAi complementation stud-
ies to test several predictions about 
the behavior of the CPC in mitosis. 
For example, given that the region of 
INCENP present in the α helix bundle 
was previously shown to be neces-
sary and sufficient for INCENP target-
ing to centromeres, are interactions in 
the helical bundle essential for CPC 
localization and function in mitosis? 
To address this question, a Borealin 
mutant was created that could bind 
to INCENP but not to Survivin and 
another was created that could bind 
to Survivin but not to INCENP. Both 
mutants failed to localize to either 
centromeres or midbodies in cells in 
which the endogenous Borealin had 
been knocked down by RNAi. The fact 
that a Borealin:Survivin complex lack-
ing INCENP and Aurora B kinase fails 
to localize to centromeres (as does the 
holocomplex lacking the carboxyl ter-
minus of Borealin) suggests that cen-
tromere targeting by the CPC might 
not be mediated simply by Survivin as 
suggested in one recent study (Vader 
et al., 2006). However, the new work 
does confirm an essential contribu-
tion of Survivin in CPC targeting, as 
an INCENP:Borealin:Aurora B com-
plex could not localize to any of its 
normal locations in mitotic cells.
A previous study had revealed the 
presence of a subpopulation of INCENP 
and Aurora B kinase that were asso-
ciated in the absence of detectable 
Borealin and Survivin (Gassmann et al., 
2004). Is this a functional CPC subcom-
plex? Jeyaprakash et al. believe not 
because an INCENP mutant that can 
form complexes with Aurora B but not 
Borealin or Survivin is unable to local-
ize to either centromeres or the cen-
tral spindle in mitosis. This engineered 
subcomplex does not phosphorylate 
the centromeric histone H3 variant 
CENP-A (although its activity against 
histone H3 was not determined).Cell 131, OcFurther examination revealed an 
acidic cluster on INCENP near the dis-
tal end of the helical bundle and a basic 
cluster on Borealin (Figure 1). Interest-
ingly, if either of these was mutated to 
the opposite charge in the full-length 
protein and expressed in cells following 
the knockdown of the cognate endog-
enous protein, the CPC was able to 
form and to localize to centromeres but 
not to the central spindle or midbody. 
Remarkably, these cells progressed 
through early mitosis normally but 
failed to execute cytokinesis.
It is not unusual for kinases to require 
auxiliary subunits for their activation 
or localization. In the cell-cycle field, 
the paradigm is the cyclin-dependent 
kinases with their associated cyclin 
subunits. Previously, Aurora B has 
appeared to be unusual in requiring 
association with three additional sub-
units. However, the Jeyaprakash et al. 
study suggests that Aurora B might 
not be so different after all. Yes, Aurora 
does require the three musketeers of 
the CPC to function, but true to the 
Dumas story, the three appear to be 
intimately associated and may function 
as one in mitotic  regulation.
ReFeRenCes
Adams, R.R., Wheatley, S.P., Gouldsworthy, A.M., 
Kandels-Lewis, S.E., Carmena, M., Smythe, C., 
Gerloff, D.L., and Earnshaw, W.C. (2000). Curr. 
Biol. 10, 1075–1078.
Altieri, D.C. (2006). Curr. Opin. Cell Biol. 18, 
609–615.
Bolton, M.A., Lan, W., Powers, S.E., McCleland, 
M.L., Kuang, J., and Stukenberg, P.T. (2002). 
Mol. Biol. Cell 13, 3064–3077.
Cooke, C.A., Heck, M.M., and Earnshaw, W.C. 
(1987). J. Cell Biol. 105, 2053–2067.
Gassmann, R., Carvalho, A., Henzing, A.J., 
Ruchaud, S., Hudson, D.F., Honda, R., Nigg, 
E.A., Gerloff, D.L., and Earnshaw, W.C. (2004). J. 
Cell Biol. 166, 179–191.
Honda, R., Korner, R., and Nigg, E.A. (2003). 
Mol. Biol. Cell 14, 3325–3341.
Jeyaprakash, A.A., Klein, U.R., Lindner, D., 
Ebert, J., Nigg, E.A., and Conti, E. (2007). Cell, 
this issue.
Lens, S.M., Vader, G., and Medema, R.H. (2006).
Curr. Opin. Cell Biol. 18, 616–622.
Ruchaud, S., Carmena, M., and Earnshaw, W.C. 
(2007). Nat. Rev. Mol. Cell Biol. 8, 798–812.
Vader, G., Kauw, J.J., Medema, R.H., and Lens, 
S.M. (2006). EMBO Rep. 7, 85–92.tober 19, 2007 ©2007 Elsevier Inc. 231
